ABSTRACT. The first X-ray structure of an isatin (2,3-indolinedione, isaH) metal complex, bis(isatinato)memury(ll) (C16H8N204Hg) (1), was determined. (1) 
INTRODUCTION
Interactions of heavy metal ions with biomolecules are of interest because of their potential toxic effects. However, the mechanism of action and the biological speciation of toxic metal species are not well defined, although interaction with DNA may be involved. The reversible binding of mercury to DNA has generated some interest, but is still poorly understood at the molecular level. Katz proposed a chain slippage mechanism in which Hg(ll) crosslinked thymine (thyH) nucleobases in opposite strands of the [polyd(AT)]2 duplex by forming N3-Hg-N3 bonds, thus disrupting the Watson-Crick hydrogen bonds. It is widely accepted that memury binds to the DNA bases, and preferentially to N3 of thymidine as compared to N1 of guanosine. 2,3 NMR studies of the interaction between Hg(ll) and synthetic oligonucleotides indicate that the thy N3H 1H signals disappear upon Hg(ll) complexation, 4,5 supporting Katz's proposal. The propensity of Hg(ll) to bind to highly basic, mononegative sp 2 nitrogens could also be manifest in pharmaceuticals or food additives.
Isatin (2,3-indolinedione, isaH) and some of its derivatives, e.g. thiosemicarbazones, possess antiviral activity which is often enhanced upon complexation with metal ions. 6"8 Although some transition metal complexes with Schiff bases derived from isatin have been studied, 9,10 to our knowledge no metal-isatin crystal structure has been reported. The use of saccharin (1,2-benzisothiazol-3(2H)-one 1,1-dioxide, saccH) as an artificial sweetener is widespread. At high dose levels induces bladder cancer in rats. Some of the saccharin halogeno derivatives are believed to have fungicidal activity, N-acylsaccharins are elastase inhibitors, and the acetic acid derivative is a potent sedative, hypnotic and anticonvulsant. 11 These two species (Scheme 1) have NH groups that can readily be deprotonated and bind to Hg(ll). They are thus relevant to understanding Hg(ll) binding to DNA. Therefore, the study of the coordination properties of isaH and saccH is of considerable interest. We report the preparation, spectroscopic characterization and the first crystallographic study of an isatin complex, Hg(isa)2, (1).
8]
Metallation of lsatin (2, 295w, 315w, 476s, 552m, 647m, 668m, 693m, 758s, 815w, 918m, 973m, 1094m, 1190m, 1216s, 1302s, 1333m, 1462s, 1603s, 1683s, 1727s, 1750s. Hg(sacc)2o0.5 CH3OH (3) 637w, 680m, 709w, 752m, 774m, 794m, 880w, 955m, 965m, 1053m, 1119m, 1129m, 1154s, 1168s, 1254s, 1264s, 1289m, 1335m, 1350w, 1460w, 1584s, 1627s, 1659m . AM (.Q-1 cm 2 mol-1) 5.6 for 10 -3 M solution in DMSO, 20 C.
(1) was thermally stable up to 230 C. From 230-330 C, it exhibited a weight loss corresponding to the loss of the two isa moieties per formula unit (Mass loss: Calcd, 59.27%; Found, 58.33%). Further decomposition occurred between 330-530 C, leaving no residue.
The thermal decomposition of (2) began with a dehydration process at~120C, corresponding to the elimination of two water molecules per formula unit (Mass loss: Calcd, 6.81%; Found, 6.25%). The pyrolytic decomposition of the dehydrated complex occurred in two main steps in a manner similar to that of (1). Again the volatilization of the sample was total.
( 
RESULTS AND DISCUSSION
Reaction of isaH and saccH with memury(ll) acetate in methanol yielded the compounds Hg(isa)2 (1) and Hg(sacc)2o0.5CH3OH (3), respectively. The molecular structure of (1) and the atom numbering scheme are shown in Figure 1 . The two deprotonated, non coplanar isatin ligands are trans to each other and bound to the memury in a head to tail orientation via the heterocyclic nitrogen in a linear N-Hg-N arrangement. The Hg-N bond distance (2.015(5) A) is similar to 15,18.20 e previously reported distances in other Hg-N(heterocyclic) systems.
The Hg atom is at th center of symmetry of the complex and displaced by 0.62/ from the two planes of the isa ligands Vol. 2, No. 2, 1995 Metallation of Isatin (2,3-Indolinedione). X-Ray Structure and Solution Behavior of Bis(Isatinato)Mercury (II) (torsion anglo x Hg-N1-C2-O2 = -16). In Hg(1-mothy)2, (1-mothyH 1-moth)tlthymino) 20 the Hg atom is also at the center of symmetry of the complex but with the Hg only 0.3 A above the thy ring.
The Hg-N1-C2 and C2-N1-C8 angles of (1) contract to 120.8(4) and 109.9(5) , respectively, and the Hg-N1-C8 angle enlarges to 127.0(4) compared to the corresponding angles in the free isaH moiety. 21"23 These facts could be related to some distortion of the geometry at N1 upon Hg complexation, as described previously for a 4-methyl-2-(1H)-quinolone mercury (11) complex. 15 In contrast, no noticeable distortion at N3 was found in Hg(1-methy)2.20 The very long C2-C3 bond (1.564(9) /) of (1), also observed in the structure of the free ligand, has been related to nonbonded lone pair-lone pair repulsions in cis-diketones. 21 Selected bond distances and bond angles are given in Table II1 . The infrared spectra of (1) and (3) in the far-IR region to 200 cm" were compared with those of the free ligands. Tentative assignments of some bands were made by analogy with similar systems. 7, 24, 25 The disappearance of the broad vNH band at 3180 cm -1 for isaH and at 3100 cm "1 FIGURE 2. Drawing of the linked chains of Hg(isa)2 units along b for saccH suggests involvement of the heterocyclic nitrogen in the bonding in the respective complexes. Furthermore, the vC=O (1731 cm"1) band of isaH split into two peaks at 1730 and 1675 cm -1 and decreased in intensity. These changes would be consistent with the participation of the C(2)=O group in a hydrogen bond, as indicated by the crystallographic data. Most of the bands of isaH in the 1600-1300 cm -1 region shift to lower frequencies in the spectrum of (1). For (3), the vC=O (1720 cm"1) band of saccH split into two peaks at 1642 and 1627 cm -1 and the 1336 and 1178 cm -1 strong bands assignable to va(SO2) and vb(SO2), respectively, shifted to lower frequencies. This is consistent with a considerable decrease in the bouble-bond character of the CO and SO2 groups upon coordination.
The ppm from its HMBC correlations to both H4 and H6. The remaining nonprotonated 13C signal at 186.3 ppm was assigned to C3. Assignment of the 1H and 13C NMR spectra of isaH, saccH, Na(sacc)and Hg(sacc)2 in DMSO-d6 was done in an analogous way (Table IV) .
Upon complexation of both isaH and saccH, the pattern of shifts, especially 13 C shifts can be readily categorized by the five-membered ring C's and the (CH)4 group completing the sixmembered ring. Significant downfield shifts were observed for the C2 and C8 resonances of isa. In addition, the isaH imino 1H signal disappeared (Table IV) . These changes are consistent with binding of memury to isa through the hetemcyclic nitrogen, as suggested by the X-ray structure. The large effects are all on the five-membered ring except for that on C7. The downfield shift for the C7 and H7 resonances of isa could be related to the proximity of the Hg to C7. In (1) The shift pattern observed for Hg(isa)2 compared to isaH and Hg(sacc)2 compared to saccH both can probably best be viewed as the result of a less powerful electron deficient center (Hg2+) vs. a more powerful electron deficient center (H+). 29"31 Thus, the effects of Hg 2+ on the correctly ionized form of the free ligand, represented in this work by sacc-, is less than that of the H+. These effects are also evident in the binding of Hg(ll) 
